Introduction
The functional diversity of DNA or RNA involves specialized base sequences, but the flexibility of the sugar-phosphate backbone is expected to play a key role in nucleic acid polymorphism. Although x-ray crystallography and NMR spectroscopy can provide detailed information about the structural parameters of the nucleic acid phosphodiester backbone, the precise information on conformations of basis set. Boys and Bernardi's counter poise procedure [7] have been applied to correct the basis set superposition error for the interaction energy: where I=-E HOMO and A=-E LUMO : I and A are the ionization potential and electron affinity of a molecule. All these calculations were performed using the Gaussian 98W program [8] .
Results and discussion

DMP -Water
The optimized geometrical parameters, rotational constants and dipole moment of the DMP-anion are given in Table 1 and shown in Figure 1 . The optimized structures are compared with the crystal structure of NH 4 DMP molecule [9] . Though the optimized C-O bond length is shorter than the experimental value of NH 4 DMP in all the four levels of theory, the value calculated at MP2/6-31G* level of theory is in good agreement with the crystal data. The calculated P-O2 and P-O6 bond lengths are longer by 0.1 Å in all the four levels of theory and the P-O4 and P-O5 bond lengths are in excellent agreement with the experimental values. Single water molecules can interact with PO 4 group in three different ways. The optimized structural parameters for the single water isomeric form with DMP anion are given in Table 2 . The O4 or O5 atoms of the PO 4 group can interact with H atom of the water molecule and H atoms of water molecules simultaneously interact with O4 and O5 atoms. The delocalization in the PO 2 -group, so to compensate this, the charge is transferred from O2 and O6 to PO 2 -group. Due to this process, the structural reorganization has occurred in the PO 4 and thus the P-O distances are found to be different where the water interaction takes place. The other bond length changes are found to be minimum. The various possible interactions of two water molecules with the DMP anion have been studied. The three isomeric forms of interaction have been identified for the two water molecule from the optimization of the complex using the supramolecular approach. The optimized structural parameters are tabulated in the Table 3 and the various interactions of water with DMP anion are shown in Fig. 2 . The DMP-2W1 figure shows that both the water molecules point towards the same side. Here, the P-O4 bond distance is found to be more than the P-O5 bond distance by 0.001 Å and again P-O6 bond distance is more by 0.02 Å than the bond distance between P-O2 atoms. The reason for the above differences may be due to the possible dispersion force of second water molecule with O4 and O6 atoms. In the DMP-2W2, the interactions of water molecules are anion. This may be the reason that P-O5 bond distance is more by 0.01 Å than the P-O4 bond distance and P-O2 bond distance is more by 0.02 Å than the P-O6 bond distance. The one more isomeric form of DMP-2W3 is that two water molecules are symmetrically opposite to each other and interacts with O4 and O5 atoms of PO4 group. It is noted that P-O4 and P-O5 bond distances are found to be same and other two bonds P-O2 and P-O6 are also found to be the same. It clearly shows that the two water molecules do not have any Van der Waals interactions with the nearby groups of the DMP anions.
Finally, we have considered the interaction of three water molecules with PO 4 group. Two hydrogen atoms of one water molecule symmetrically interact with the O4 and O5 atoms and other two water molecules, again interact with O4 and O5 atoms. It is interesting to note that P-O4, P-O5
distances are same and P-O2 and P-O6 bond distances are also found to be the same. Since all the water molecular interactions are symmetrical, the charge transfers from PO 4 group to water molecules are uniform, so there is no change in the structural parameters of the DMP anion. As the bonding in the hydrogen atoms could not be accurately located in the x-ray structure, their optimized parameters are compared with standard experimental values of similar model compounds. The bond angles O-P-O and P-O-C are smaller compared to the corresponding experimental values in all the levels of theory except for P-O-C bond angle at HF level, which is very close to the experimental value.
The interaction energies of water molecule with DMP anion are given in Table 2 , 3, 4. The interaction energy is corrected for BSSE using full counterpoise method of Boys and Bernardi [7] .
The interaction energies of single water molecule is same when the interaction is O4 or O5 atoms. The hydrogen bond lengths are also found to be the same. When the two water molecules interact with the O4 and O5 atoms, the interaction energies are found to be slightly smaller than the single water interaction. The hydrogen bond lengths are found to be slightly higher than the single water interaction. If the three water molecules are having interaction with PO 4 group, again the interaction energies are found to be slightly less and the hydrogen bond lengths are found to be slightly higher.
The reason for the above variation may be due to the charge transfer from PO 2 -to OH of water molecule. If, more water molecules are interacting, then the charge transfer becomes less, due to the equal distribution of charge in the PO 2 -anion. The HF/6-31G* level of theory underestimated the interaction energy. But MP2/6-31G*, B3LYP/6-31G* and B3PW91/6-31G* levels of theory predicted the interaction energies and hydrogen bond lengths very reasonably.
DEP-Water Complex
In accordance with the x-ray crystal structure of BaDEP [13], the DEP anion and DEP-water have been fully optimized at HF, MP2, B3LYP, and B3PW91 levels of theory using 6-31G* basis set and are shown in Tables 1, 5 , 6, 7. Figure 3 shows various interactions of water with DEP anion. The calculated structural parameters are compared with those obtained by x-ray crystallography of BaDEP.
In the DEP anion, the optimized P-O bond lengths are slightly larger than the corresponding values in the x-ray structure of BaDEP. Conversely, the optimized P-O4 and C-O bonds are shorter than the values obtained from the x-ray methods. The C-C bond length is in good agreement with the experimental values. The optimized O2-P-O6 bond angle is smaller and P-O-C bond angles on the other hand, are generally close to the experimental values. Similar differences can be attributed to the effect of metal cation in the crystal structure [1, 14, 15] . In the present study the interaction of single, When the O4 atom of PO 4 group forms the hydrogen bond with H atom of water molecule, the P-O4 bond length is found to be increasing while P-O5 is decreasing. The bond distance P-O2 is decreasing while the other bond P-O6 is increasing. When the water molecule interacts with the O5 atom, the reverse trend has been observed. Two water molecules can interact with the PO 2 -in three different ways which have been shown in fig. In the first case, the P-O4 distance is larger than the P-O5 bond distance. The corresponding hydrogen bond lengths are 1.917 Å and 1.912 Å respectively at MP2/6-31G* level of theory. Both the water molecules pointed towards the P-O4 bond, so the latter bond distance is more. In the second case, both water molecules are in the opposite direction, so the P-O4 Table 6 Optimized geometrical parameters (bond length in Å, bond angle in degrees), rotational constants R A , R B , R C (in GHz), dipole moment µ M (in Debye), chemical potential µ (in eV) and chemical hardness η (in eV) for DEP-2 water complexes. and P-O5 bond distances are found to be same. Moreover the hydrogen bond lengths are also almost the same. In the third isomeric form, one water molecule pointed towards the ethyl form. Here, again the P-O4 and P-O5 bond distance are the same, but the hydrogen bond lengths are different. In the last case, three water molecules are interacting with the PO 2 -, the bond lengths are almost same. Both the ab initio and DFT methods were produced the similar trends of result. The B3LYP/6-31G* and B3PW91/6-31G* levels of theory produced the structural parameters, which are very well coincide with the MP2/6-31G* level of theory. The bond angle O4-P3-O5 in DEP-water molecule is decreased While forming the hydrogen bond in complexes, the change of bond length and bond angles of PO 4 and the more charge transfer from O atoms induce the change in the electronic chemical potential, which in turn increases the chemical hardness value. So the proton transfer reactions, the minimum energy structure of the complex will have the maximum hardness, which is in agreement with the other studies also. In a similar way the dipole moment of the complexes is increased compared to that of the corresponding isolated anion. The earlier studies also show that dipole moment of the dimer is enhanced during the formation of hydrogen bonds in complexes [20] . Both the DMP and DEP water interactions, PO 2 -anion act as proton acceptor group. Moreover PO 2 -group is more polar. The charge from the σ orbital of the P-O bond is transferred to OH group of water molecule. Due to the charge transfer, the electron delocalization has been occurred in the PO 2 -anion, to compensate this, the other charges are reoriented and structural reorganization has been occurred in the PO 4 group of DMP and DEP anions. So the water interaction induces the reorientation in the PO 4 group rather than the other parts of the molecules.
Conclusion
The anionic forms of dimethyl phosphate and diethyl phosphate are optimized at HF, MP2, B3LYP
and B3PW91 levels of theory using 6-31G* basis set. The interaction energies of isomeric forms of mono-, di-, and tri-hydrates with the above anions are further studied. The optimized structural parameters have been compared with the available experimental results and they are in good agreement with each other. The effect of charge transfer within these complexes makes the structural reorganization in the PO 4 group of DMP and DEP anions. The chemical hardness values have been calculated for these complexes and it is found that interaction of more number of water molecules increase the stability of the complex.
